Cardiac sarcolemma as a possible site of action of caffeine in rat heart.
Caffeine (0.1-10 mM) produced a biphasic effect on Na(+)-K+ ATPase activity in the rat heart sarcolemmal preparations. The Na(+)-K+ ATPase activity was stimulated by about 25% at low concentrations (0.1-1 mM), whereas the enzyme was inhibited by about 25% at higher concentrations (10 mM) of caffeine. The stimulatory effect of 1 mM caffeine was associated with about 30% increase in the Vmax value for Na(+)-K+ ATPase, whereas the depressant action of 10 mM caffeine was associated with an increase of the Km value from 1.4 to 2.1 mM ATP. The Na(+)-induced Ca++ release from the sarcolemmal vesicles was stimulated with caffeine in a concentration-dependent manner; about 80% increase in the activity was observed at 0.1 mM caffeine. The apparent Ka (millimolar Na+) values for the Na(+)-induced Ca++ release were about 17 and 6 in the absence and presence of 1 mM caffeine, respectively. However, the sarcolemmal Na(+)-dependent Ca++ uptake and ATP-independent Ca++ binding were not affected, whereas the ATP-dependent Ca++ accumulation and Ca+(+)-stimulated ATPase activities were depressed by 1 to 10 mM caffeine. This agent at concentrations of 0.1 to 10 mM produced a biphasic effect on the contractile activity of the isolated perfused rat heart. The initial transient positive inotropic (30-60%) effect was followed by a sustained negative inotropic (50-80%) response of the drug; the delayed decrease in contractile force was associated with a significant increase (35-50%) in the resting tension. The initial positive inotropic effect of caffeine was dependent on the concentration of Ca++ (0.2-3 mM) in the perfusion medium; however, this response was attenuated either by lowering the concentration of Na+ from 140 to 35 mM or by different concentrations (0.5-1 mM) of amiloride in the medium.(ABSTRACT TRUNCATED AT 250 WORDS)